Introduction
In a companion paper by Sun et Ogallo [1988] , and Farmer [1988] have all demonstrated a relationship between East African precipitation and the E1 Nifio-Southern Oscillation (ENSO) phenomenon. A positive precipitation anomaly tends to occur during the short rains of warm ENSO events, while dry conditions prevail during the long rains of the following year and the short rains of the year prior to warm ENSO events [Nicholson, 1996] .
It is interesting to note that the short rains contribute disproportionately to the interannual variability of precipitation.
The correlation coefficient between annual totals and short rains exceeds 0.5 over most of East Africa [Nicholson, 1996] . The precipitation anomaly links to SSTs are stronger for the short rains than for the long rains, and the strongest effect of ENSO appears to be during the short rains . Also, the intermonth correlations of the rainfall during the short-rains season are high [Ininda, 1994] . The high correlations suggest high persistence in the factors that influence the temporal rainfall variations during the short-rains season. In this paper our investigation will thus focus on the short rains. Composite analysis is adopted to investigate the possible causes of the precipitation variability over most of the regions. The primary criteria for the composite analysis is based on the "wet" and "dry" stratification of short rains for each region. We obtain the precipitation anomaly for an individual year by removing 12-year average precipitation. Four distinctly wet (dry) shortrains seasons are then extracted from the anomaly time series. The "wet" and "dry" seasonal composites are obtained by averaging the four seasons of each category. Wet minus dry composite analysis is adopted in our study, and it has the following advantages:
1. It increases the magnitude of the composite values in regions where the wet and dry periods have opposite signals, while in regions where the wet and dry periods have the same signals, the composite value is small. 2. Since the number of degrees of freedom is increased when the wet minus dry composite is used, more values are likely to be statistically significant as compared to either the wet or the dry composite alone, thus increasing the variable significance [Ward, 1992] . 3. The wet minus dry composite can be used to identify regions where consistent variations occurred in at least a number of composite years.
The wet minus dry composite analysis, however, has several limitations. Such as the following:
1. If some of the years in the composite are taken from within a period of persistent precipitation anomaly, the composite may contain the influence of processes that operate on 2 and then averaging the interpolated values. The model simulation is thus slightly drier than the observations. Fig. 2 shows the observed precipitation anomalies from the 12-year observed mean and the simulated precipitation anomalies from the 12-year simulated mean. The correlation coefficient r between the simulated precipitation anomalies and the observed precipitation anomalies is 0.802. The critical correction coefficient r c calculated on the basis of student's t-tests at 1% significant level is 0.708. This result indicates that the simulated and observed precipitation anomalies are significantly correlated at the 1% significance level during the 12 years. The observed wet conditions in 1982, 1986, 1989, and both interdecadal timescale and interannual timescale [Ward,. 1992 [Ward,. and dry conditions in 1984 [Ward,. , 1985 [Ward,. , 1987 [Ward,. , 1988 [Ward,. , 1991 [Ward,. , and 1992 .
2. Because only four seasons are used in the composites, the results may be greatly influenced by just one season in which the ocean-atmosphere anomalies are very large. We will eliminate this kind of season in our composite analysis by choosing another year to take its place. If there is no more year to choose, we will reduce the composite to two members.
3. In different years the seasonal rainfall anomalies may result from different causes, which may have different signals in the ocean-atmosphere variables. Thus the composite analysis sometimes may fail to present the teleconnection structures [Ward, 1992] . We will analyze the anomaly at each individual season before applying for the composite analysis to avoid this kind of shortcoming.
Although the simulation period from October to December in each year represents the seasonal transition from southeast monsoons to northeast monsoons over East Africa, high temporal coherence in the monthly precipitation within the shortrains season were observed [Ogallo, 1989] . Thus the analysis will be based on the full seasonal average. The years used for composite analysis for the various regions are listed in Table 1 . There are no two regions which share all the same years in the composite analysis. Therefore no one region among the five regions is homogeneous to the others. However, the composites for different regions do share many of the same years. This suggests that there are some common factors that affect the interannual variability of rainfall over different regions.
Tanzania
The central Tanzania region is a relatively large homogeneous region [Nicholson et al., 1988] giving the time series of the daily precipitation. The correlation in 1988 is also listed in Table 3 . The numbers of days with observed precipitation data during short rains are listed in Table 3 .
The correlation between the simulated and the observed daily precipitation (Table 2) shows that the simulated and observed daily precipitation are significantly correlated at the 1% significance level for all the years except 1990. This result indicates that the model captures the daily variations of precipitation in most of the years. We note that the model simulates the daily variation of precipitation well in 1983 although it fails to reproduce the total precipitation anomaly during the short rains in the same year. The model fails to reproduce not only the total precipitation anomaly but also the temporal variation of precipitation for 1990. Four wet years (1982, 1986, 1989 , and 1992) and four dry years (1984, 1985, 1987, and 1993) 
Lake Victoria
There are 33 model grid points on Lake Victoria. Strong mesoscale circulation (i.e., lake breeze) characterized by an intense diurnal cycle in precipitation over Lake Victoria was discussed by Sun et al. [this issue]. The mesoscale circulation is not captured in the ECMWF data due to its coarse resolution. Consequently, the ECMWF data are not suitable for validation of the model-simulated circulation. No observed precipitation data over Lake Victoria is available for this study. However, previous investigations indicate that there is a strong positive correlation between the lake level and the monthly precipitation over the Lake Victoria catchment [Morth, 1967] . Recently, Birkett [1997] has analyzed the evolution of the lake level during 1992 and 1993. The decrease of the lake level during both the short rains season imply a reduction in precipitation during the short rains of 1992 and 1993. cipitation formation over Lake Victoria.
Kenya Highlands
The region of Kenya Highlands experiences its precipitation peak during the short rains. It is feasible to treat the Kenya Highlands as one region to validate the simulated precipitation 50w 40w 30w 20w lOW 0 10E 26E 36E ,I.6E 56E 60E 76E 86E 90E Four wet years (1982, 1983, 1989 , and 1992) and four dry years (1985, 1986, 1988, and 1993) 5s / -' .................... i(•:,. ..... ,", ::i,,,, torial Pacific Ocean, the warm SST anomalies are stronger and farther away from the equator over the southern Atlantic Ocean, and the cold SST anomalies over the southern Indian Ocean extend farther north. These differences indicate that some large-scale factors are different regarding the mechanisms that control the precipitation variability over Lake Victoria and the WKH subregion. As an example, a positive anomaly pattern of precipitation over Lake Victoria is observed in the three E1 Nifio years during the 12-year simulation, while only a positive anomaly pattern of precipitation over the WKH region is observed in one El Nifio year (i.e., 1982), and a negative precipitation anomaly dominates in the other two E1 Nifio years (i.e., 1986 and 1991).
Usually, southeast monsoons prevail during most of October, and northeast monsoons prevail during November over the WKH region. Weaker Arabian High and weaker Mascarene High in Fig. 4c lead to weaker northeast monsoons and southeast monsoons, respectively. This results in weaker lowlevel large-scale divergence over the WKH region, which enhances the development of convection. Precipitation over the WKH region mainly occurs during the daytime due to the lake breeze. Fig. 10a shows the wet minus dry composite of convergence at 850 mbar at noontime. The low-level convergence anomalies over the WKH region associated with weaker Arabian High and Mascarene High account for the positive precipitation anomalies in the wet minus dry composite.
The model produced a correct sign of the precipitation anomalies in most years over the EKH region, although the correlation between the simulation and the observations was not significant at the 1% significance level. The four wet years (1982, 1986, 1988, and 1990 ) and the four dry years (1983, 1985, 1987, and 1993 ) are chosen for the composite analysis over the EKH region. Fig. 3d shows the wet minus dry composite of SST for the EKH region. The E1 Nifio-related SST anomaly pattern disappears, which suggests that the interannual variability of precipitation is not directly related to the E1 Nifio events. The SST anomaly pattern over the Atlantic Ocean is similar to that over the WKH region, with warm SST anomalies over the western Indian Ocean and, especially, along the East African coast. Fig. 4d shows the wet minus dry composite of geopotential height at 850 mbar based on the NCEP/NCAR reanalysis for the EKH region. The Mascarene High is greatly weakened, and the Arabian High shifts equatorward. Thus the southeast monsoons recede earlier over the EKH region, and the northeast monsoons prevail over the EKH region during most of October and November. The equatorward shift of the Arabian High leads to mainly easterly flow over the EKH region. This easterly flow, originated from the ITCZ over the Indian Ocean, is thermally unstable and brings more water vapor to the Kenya Highlands. This moisture easterly flow leads to an increase in precipitation over the windward slope of the Kenya Highlands (i.e., EKH) due to orographic uplifting. As shown in Fig.  10b , the low-level convergence anomalies over the EKH region are associated with the thermally unstable easterly flow and tend to enhance convective precipitation.
Turkana Channel
The Turkana channel lies between the Ethiopian highlands and the East African highlands, which includes 39 model grid points. Strong winds (i.e., the Turkana low-level jet) exist throughout the channel, and divergence is a predominant feature [Kinuthia, 1992] Table 4 . The eight-station, 12-year mean observed precipitation for the short rains is 55.5 mm. The corresponding simulated precipitation is 70.0 mm, which was obtained by first interpolating to the station locations listed in Table 4 Because of the strong divergence associated with the Turkana low-level jet, convective precipitation over the Turkana channel is very small. The limited amount of convective precipitation is mainly concentrated during nighttime perhaps due to the mountain-valley circulations over the channel. The nonconvective precipitation is the dominant component of the total precipitation over the Turkana channel and accounts for 85% of the total precipitation amount in the 12-year simulation. On the basis of spectral analysis we also found that pre-cipitation exhibits variations with 4-8 day periods for the 12-year simulation, which may be associated with the propagation 630 of easterly waves originated from the Indian Ocean.
Four wet years (1982, 1988, 1991, and 1992 ) and four dry 660 years (1984, 1985, 1987, and 1989) The model produced slightly wetter conditions over the Turkana channel compared to the observations. Higher model resolution is required to simulate the steep gradients in precipitation associated with the topographic gradients around the channel. Composite analysis indicates a strong E1 Nifio signal for the wet years, associated with warm SST anomalies over the Indian Ocean and more active easterly waves which propagate into the Turkana channel and lead to increased precipitation. Also, the weaker Arabian High and Mascarene High suppress the wind speed at the entrance of the Turkana channel and, consequently, result in a weakened Turkana low-level jet.
The same initial soil conditions are applied to each year's simulation. That the model produces the interannual variability of precipitation in most of the years may suggest that the external factors play an important role in determining the precipitation anomalies for the short-rains season. Therefore the global forecasts for large-scale circulations and SSTs will be used to drive the lateral boundary conditions for the RegCM2 for the development of the Seasonal Climate Prediction System (SCPS) for eastern Africa.
